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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The reaction container with which material gas flows inside It is prepared in the downstream of the 
material gas style of this reaction container, and has an applied part equipped with the plenum chamber which 
can be held airtightly, and the substrate which performs vapor growth, it is supported by the shaft, and is a 
movable susceptor about the between in said reaction container and a plenum chamber. It is vapor growth 
equipment equipped with the above. Said plenum chamber Have a non-contact location detection means, an 
articulated robot, and a control unit, and said plenum chamber is made into a non-oxidizing atmosphere. 
Locate a susceptor in this plenum chamber, and said non-contact location detection means detects the 
applied part of a susceptor, input the information from said non-contact location detection means into a 
control device, and an articulated robot is operated with the output from this control device. It is 
characterized by equipping the applied part of a susceptor with said substrate, and removing said substrate 
from an applied part. 

[Claim 2] A non-contact location detection means is vapor growth equipment according to claim 1 
characterized by having an optical position transducer and a lighting system. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the vapor growth equipment which can raise the 
productivity of the vapor growth of a compound semiconductor thin film about amelioration of vapor growth 
equipment. 
[0002] 

[Description of the Prior Art] organic metal vapor growth (MOCVD) — the epitaxial wafer which carried out 
epitaxial growth of the thin film on the GaAs substrate or the InP substrate is used for manufacture of 
devices, such as FET and HEMT, by law. These devices were excellent in the RF property, and since there is 
little power consumption, need has expanded them quickly, organic metal vapor growth (MOCVD) — the 
principle of growth of the compound semiconductor thin film by law is as follows. Namely, for example, the 
organic metal of trimethylgallium (TMG) or trimethyl aluminum (TMA) is supplied with carrier gas, such as 
hydrogen gas, as a raw material of a gallium (Ga) and aluminum (aluminum) in a reaction container. The gas of 
hydrides, such as an arsine (AsH3) and a phosphine (PH3), is supplied as arsenic (As) and a raw material of 
phosphorus (P), and a silane (SiH4) and trimethyl zinc (TMZn) are supplied as the silicon (Si) as an impurity, 
and a zincky (Zn) raw material. Then, the thin film of desired presentations (GaAs, InP, InGaAs, AIGaAs, etc.), 
thickness, and a carrier consistency (n mold, p mold) is deposited on the heated compound semiconductor 
substrates (GaAs, InP, etc.) by supplying in a reactor, carrying out control of flow of these gas, and carrying 
out a thermal decomposition reaction within a reaction container. 

[0003] the inside of the vapor growth equipment which performs such growth — one processing — many — 
the susceptor equipped with the substrate is made in the shape of a polygon cone as equipment which 
processes several semi-conductor substrates (generally called a barrel-type susceptor), and many 
equipments which equip each of that field with a substrate are used as mass production equipment. 
[0004] Conventional vapor growth equipment is having structure as shown in drawing 4 . In drawing, 2 is a gas 
inlet which was established in the crowning of the tubed reaction container 1 made from quartz glass which 
constitutes vapor growth equipment and which introduces the mixed gas of material gas and carrier gas. 3 is 
the exhaust air section of the carrier gas with which the pars basilaris ossis occipitalis of the reaction 
container 1 was equipped, and unreacted material gas, and 3a is an exhaust port. 4 is the susceptor made 
from carbon prepared in the interior of the above-mentioned reaction container 1, and is making the shape of 
a polygon cone. The compound semiconductor substrate 5 with which a thin film grows is laid in the side face 
of this susceptor 4. 6 is the RF induction coil prepared in the periphery of the reaction container 1. By the 
high-frequency induction heating by this RF induction coil 6, heat material gas at 600-700 degrees C, a 
thermal decomposition reaction is made to cause by the pressure of 50 - 300Torr, and a compound 
semiconductor thin film is grown up on the compound semiconductor substrate 5. As for the cooling jacket 
with which 7 was prepared in the reaction container 1, and 8, the inflow of cooling water and 9 are the outflow 
of cooling water. 10 is a shaft which holds a susceptor 4 and is rotated. 1 1 is a plenum chamber and 12 is a 
gate valve which opens and closes between plenum chambers 1 1 the reaction container 1 side. 13 is a gas 
inlet and 14 is output port of a substrate. 

[0005] Since, as for wearing on the side face of the barrel-type susceptor 4 of a substrate 5, and removal of 
the substrate 5 from a susceptor 4, the side face of a susceptor 4 is making the vertically near include angle 
(it is 1-10 degrees to a perpendicular direction), many are performed manually. For this reason, the wall of a 
susceptor 4 or the reaction container 1 will touch atmospheric air. By the way, since a powder-like 
solidification object adheres and surface area is large, the wall of the reaction container 1 will be adsorbed in 
oxygen and the moisture which have big effect on the purity of a thin film semiconducting crystal, if 
atmospheric air touches here. Then, in order to prevent this adsorption, the plenum chamber 1 1 which 
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performs wearing and removal of a substrate 5 is formed. Then, in the case of wearing and removal of a 
substrate 5, a susceptor 4 is moved to a plenum chamber 1 1 by vertical motion of the shaft 10 holding a 
susceptor 4 t and a plenum chamber 11 and the reaction container 1 are intercepted with a gate valve 12 etc. 
By carrying out like this, it prevents putting reaction container 1 part to atmospheric air. Moreover, within a 
plenum chamber 1 1, after hydrogen or inert gas performs inert gas replacement, a help (deadly poison gas 
whose threshold limit value of an arsine is 0.05 ppm) is worked. After wearing / removal of a substrate 5 
maintains the purity of the semi-conductor thin film grown up by performing inert gas replacement by high 
grade hydrogen etc., opening a gate valve 1 2 again, and raising a susceptor 4 in the reaction container 1 by 
the plenum chamber 11. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, with the vapor growth equipment by the 
conventional MOCVD method, the time amount wearing and removal of a substrate take time amount, material 
gas flows, and the thin film has grown to be was about 30% of the whole, and about 70% of time amount was 
spent on attachment and detachment of the temperature fall of a susceptor, inert gas replacement, and a 
substrate, and it had the problem that the productivity of equipment was low. Moreover, in order to detach 
and attach a substrate with a help, there was a problem also in an operator's safety. 
[0007] 

[Means for Solving the Problem] The reaction container with which it was made that this invention should 
solve the above-mentioned trouble, and material gas flows inside, The plenum chamber which it is prepared in 
the downstream of the material gas style of this reaction container, and can be held airtightly, It is vapor 
growth equipment which is equipped with the applied part equipped with the substrate which performs vapor 
growth, is supported by the shaft, and has a movable susceptor for the between in said reaction container and 
a plenum chamber. Said plenum chamber Have a non-contact location detection means, an articulated robot, 
and a control unit, and said plenum chamber is made into a non-oxidizing atmosphere. Locate a susceptor in 
this plenum chamber, and said non-contact location detection means detects the applied part of a susceptor, 
input the information from said non-contact location detection means into a control device, and an articulated 
robot is operated with the output from this control device. It is characterized by equipping the applied part of 
a susceptor with said substrate, and removing said substrate from an applied part. 

[0008] the ambient atmosphere from which discoloration of a susceptor does not produce a non-oxidizing 
atmosphere by oxidation of GaAs etc. here — pointing out — N2 [ for example, ] etc. — it is [ that what is 
necessary is just to make oxygen content 0.5% or less with atmospheric pressure with inert gas ] possible to 
decompress to 10 or less torr extent. Moreover, as a non-contact location detection means, the optical non- 
contact position transducer which requires lighting systems, such as the camera tube and a CCD image 
sensor, the noncontact sensor using the echo from the object of a laser beam, and an eddy current type non- 
contact sensor can be illustrated. 

[0009] In this invention, since a substrate can be detached and attached by the non-oxidizing atmosphere and 
a susceptor and a substrate can be held to clarification, the quality of the formed thin film improves. 
Moreover, since the attachment-and-detachment activity of a substrate can be done with an articulated 
robot, as compared with the case where it works with the conventional help, a susceptor can work in the hot 
condition and can shorten the cooldown delay of a susceptor. Furthermore, since it is not necessary to 
permute a toxic gas thoroughly in a robot's activity as compared with a help's activity, the time amount which 
permutes the toxic gas in a plenum chamber can be shortened as compared with the case where it works with 
a help. Consequently, since the time amount except performing vapor growth actually can be shortened, 
productivity improves. Furthermore, since a substrate is detached and attached by the robot, an operators 
safety is securable. 

[0010] By the way, if the decomposition product of the material gas which remains on a susceptor after vapor 
growth touches oxygen and causes a reaction, the situation of the light reflex from a susceptor front face will 
change, and the color of the profile section of the applied part of a substrate will change delicately. Then, the 
optical non-contact position transducer which requires a lighting system is used as a non-contact location 
detection means. Then, if a plenum chamber is made into a non-oxidizing atmosphere and an applied part is 
illuminated with a lighting system in the condition, an applied part can be recognized to accuracy with an 
optical position transducer. Therefore, by inputting the image information from an optical position transducer 
into a control device, and operating an articulated robot with the output from this control device, accuracy 
can be equipped with a substrate at an applied part, and a substrate can be removed from an applied part to 
accuracy. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail 
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based on a drawing. Drawing 1 is the cross-section explanatory view showing 1 operation gestalt of the vapor 
growth equipment concerning this invention, and shows the part below a reaction container (downstream of 
the flow of material gas). Drawing_2 is the longitudinal-section explanatory view. Moreover, drawing_3 is the 
explanatory view of substrate attachment-and-detachment actuation of this operation gestalt. In addition, in 
drawing_2 , the part above a reaction container has structure shown in drawing 4 used for explanation of the 
conventional technique, and same structure. In dra w in g 1 - dr aw ing 3 , 21 is a plenum chamber and a 
susceptor tubed [ 22 ] in a spare room and 23, 24 is the robot of many joints, and he is the articulated robot 
which has a with a degrees of freedom of five or more degree of freedom. For an optical position transducer 
and 39, as for a reaction container and 33, a noncontact sensor and 32 are [ 25 / a lighting system and 34 ] 
control units. The vapor growth equipment of this operation gestalt consists of the reaction container 32, a 
plenum chamber 21 prepared in the bottom (downstream of the flow of material gas), and a spare room 22 
adjoined and established in the plenum chamber 21. The plenum chamber 21 and the spare room 22 have the 
structure where airtightness is maintainable. The plenum chamber 21 is equipped with the robot 24 which 
performs actuation which detaches and attaches a substrate to a susceptor 23, and the lighting system 33 
(shown in drawin g 3 ) which illuminates substrate wearing applied part 23a of a susceptor 23. The optical 
position transducer 25 is attached in a robot's 24 point. This optical position transducer 25 photographs said 
applied part 23a as an optical image, and gives that image information to a control unit 34 (shown in drawin g 
3 ). A robot 24 is an articulated robot which has a with a degrees of freedom of five or more degree of 
freedom, is controlled by this control unit 34, and performs actuation which detaches and attaches a 
substrate to applied part 23a. 

[0012] Attachment and detachment of a substrate are performed as follows using this equipment. That is, as 
shown in 1 drawin g 1 and 2, the airtight door 26 for substrate supply of a spare room 22 is opened, and a 
cassette 27 is set to the truck 29 on a rail 28. 

[0013] 2) Inert gas permutes and change into a low concentration oxygen condition, after shutting a door 26 
and exhausting and decompressing the inside of a spare room 22. Subsequently, after making both the plenum 
chamber 21 (it is in the low concentration oxygen condition beforehand), and the spare room 22 into this ** 
near atmospheric pressure with inert gas, the airtight door 30 of the boundary of a plenum chamber 21 and a 
spare room 22 is opened, and the cassette 27 which contained the substrate of only number of sheets with 
which applied part 23a of a susceptor 23 is equipped is put into a plenum chamber 21 from a piece and a 
spare room 22. This cassette 27 is set to a location A ( drawin g 1 ). 

[0014] 3) Subsequently, as shown in drawin g 1 and 2, shut a door 30, in head 31a of the lifter 31 in a plenum 
chamber 21, even the cassette 27 of a location A drops a gripper (not shown) from head 31a in a cassette 27 
a stretch and after that, grasp a substrate, and pull up a substrate. After pulling up a substrate to the location 
distant from the cassette 27 by the lifter 31, it draws in with the vacuum attraction tool (not shown) attached 
in list 24b prepared at the head of a robot's 24 arm 24a, and a substrate is grasped. 

[0015] 4) Subsequently, as shown in drawin g 3 , illuminate applied part 23a of a susceptor 23 with a lighting 
system 33, and picturize near applied part 23a with the optical position transducer 25 attached at the head of 
a robot's 24 arm 24a. The image information from this optical position transducer 25 is inputted into a control 
device 34, angle of rotation of a shaft 35, a robot's 24 arm 24a, and list 24b are controlled by this control 
device 34, and applied part 23a of a susceptor 23 is equipped with a substrate with it. 

[0016] 5) Subsequently, equip similarly with a substrate other applied part 23a which rotates a susceptor 23 
and adjoins by rotating a shaft 35. This actuation is repeated and two or more applied part 23a is equipped 
with a substrate. 

[0017] 6) As shown in drawin g 2 after that, raise a susceptor 23 through the opening 36 of the plenum 
chamber 21 upper part by the shaft 35, put into the reaction container 32, and close opening 36 airtightly by 
the flange 37 prepared in the shaft 35. 

[0018] 7) Subsequently, carry out vapor growth of the thin film within the reaction container 32. The gas after 
the completion of growth and in the reaction container 32 is permuted, it changes into a low concentration 
oxygen condition, and susceptor 23 temperature is lowered. 

[0019] 8) After a susceptor 23 falls to predetermined temperature, drop a susceptor 23 to the lower part of a 
plenum chamber 21 by the shaft 35. Then, the location of a substrate is conversely checked with the optical 
position transducer 25, and the image information from the optical position transducer 25 is inputted into a 
control unit 34 as wearing of a substrate. Then, a robot's 24 arm 24a and list 24b are controlled, it draws in 
with the vacuum attraction tool attached in list 24b, a substrate is grasped, and it removes one substrate at a 
time from applied part 23a on a susceptor 23, and after putting and changing to head 31a of a lifter 31, it 
contains in order in the cassette 27 in a location B ( drawin g 1 X 

[0020] 9) After an open beam, the cassette 27 which contained the substrate which thin film growth ended 
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moves on a rail 28, and moves a door 30 into a spare room 22. After a cassette 27 moves into a spare room 
22, a door 30 is closed, subsequently a door 38 is opened, and a cassette 27 is taken out outside a spare 
room 22. 

[0021] Here, applied part 23a prepared in the front face of the tubed susceptor 23 is described. This applied 
part 23a is making the circular crevice with a depth of about 1mm, as shown in drawing 3 , and the path 
clearance of a substrate and a crevice has become about 0.4-0.9mm in the condition of having equipped with 
the circular substrate. In order to equip such applied part 23a with a substrate, it is necessary to control a 
robot 24 with a sufficient precision. Control of a robot 24 is performed as follows, for example. That is, it asks 
for the space position of the flat surface S on the susceptor 23 in which applied part 23a is located by space 
position measurement of three points. This measurement is performed by forming the noncontact sensor 39 
which carries out distance detection at a robot's 24 head. Subsequently, it asks for the location of the core T 
of applied part 23a which makes a circular crevice based on the image information from the optical position 
transducer 25. Thus, the information about the flat surface S and Core T which were searched for is inputted 
into a control unit 34. Then, a robot 24 is controlled by the output from this control device 34, and applied 
part 23a which has Core T on a flat surface S is equipped with a substrate with the vacuum attraction tool 
formed at a robot's 24 head. Moreover, a substrate is similarly removed from applied part 23a with a vacuum 
attraction tool. Although the position transducer and the optical position transducer 25 which consist of a 
noncontact sensor 39 are used together and the robot 24 is controlled by this operation gestalt, it is also 
possible to perform location detection only using a position transducer or the optical position transducer 25. 
However, it falls as compared with the case where dependability uses both together in that case. 
[0022] When above-mentioned vapor growth equipment was used, the productivity which forms a thin film on 
a substrate doubled [ over the past / about ]. For example, with the equipment explained by the Prior art, 
material gas flows among day 24 hours, the time amount in which the thin film is formed is x (2 hours/(time)) 
4 times = 8 hours, and the case where the 16 remaining hours are spent on the temperature fall of susceptor 
temperature, the permutation of gas, and attachment and detachment of a substrate is taken for an example. 
When thin film formation of the same conditions was performed using the above-mentioned vapor growth 
equipment, the time amount in which the thin film is formed turned into x (2 hours/(time)) 8 times = 16 hours, 
and the time amount spent on the temperature fall of susceptor temperature, the permutation of gas, and 
attachment and detachment of a substrate decreased in 8 hours. In other words, the productivity of a thin 
film doubled by using the equipment of this invention. 
[0023] 

[Effect of the Invention] The reaction container with which, as for this invention, material gas flows inside as 
explained above, The plenum chamber which it is prepared in the downstream of the material gas style of this 
reaction container, and can be held airtightly, It is vapor growth equipment which is equipped with the applied 
part equipped with the substrate which performs vapor growth, is supported by the shaft, and has a movable 
susceptor for the between in said reaction container and a plenum chamber. Said plenum chamber Have a 
non-contact location detection means, an articulated robot, and a control unit, and said plenum chamber is 
made into a non-oxidizing atmosphere. Locate a susceptor in this plenum chamber, and said non-contact 
location detection means detects the applied part of a susceptor, input the information from said non-contact 
location detection means into a control device, and an articulated robot is operated with the output from this 
control device. In order to equip the applied part of a susceptor with said substrate and to remove said 
substrate from an applied part, the productivity of the thin film which carries out vapor growth improves, and 
there is outstanding effectiveness that an operator s safety is secured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the cross-section explanatory view of 1 operation gestalt of the vapor growth equipment 
concerning this invention. 

[ Drawin g 2] It is the longitudinal-section explanatory view of the above-mentioned operation gestalt. 
[ Drawin g 3] It is the explanatory view of substrate attachment-and-detachment actuation of the above- 
mentioned operation gestalt. 

[ Drawin g 4] It is drawing of longitudinal section of conventional vapor growth equipment. 
[Description of Notations] 

21 Plenum Chamber 

22 Spare Room 

23 Susceptor 
23a Applied part 

24 Robot 
24a Arm 
24b List 

25 Optical Position Transducer 
26, 30, 38 Door 

27 Cassette 

28 Rail 

29 Truck 

31 Lifter 
31a Head 

32 Reaction Container 

33 Lighting System 

34 Control Unit 

35 Shaft 

36 Opening 

37 Flange 

39 Noncontact Sensor 
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